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Abstract 
Evidence of a role of frontier orbital symmetry, in the adsorption process of diiodobenzene on 
MoS2(0001), appears in the huge differences in the rate of adsorption between 1,3-
diiodobenzene, 1,2-diiodobenzene and 1,4-diiodobenzene isomers on MoS2. Experiments 
© 2020 published by Elsevier. This manuscript is made available under the Elsevier user license
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indicate that the rate of adsorption of 1,3-diiodobenzene on MoS2(0001) is much greater than 
that of the 1,2-diodobenzene and 1,4-diiodbenzene isomers. As the differences in calculated 
diiodobenzene isomer-MoS2 system adsorption energies and electron affinities are negligible, 
frontier orbital symmetry appears to play a significant role in diiodobenzene adsorption on 
MoS2(0001). The experimental and theory results, in combination, suggest that a rehybridization 
requirement, forced by frontier orbital symmetry, comes a cost of a reduced sticking coefficient. 
With the introduction of defects, which lower the adsorption site symmetry at the MoS2(0001) 
surface, the rate of 1,3-diiodobenzene adsorption on MoS2(0001) decreases, while the rates of 




molecular symmetry, molecular adsorption, frontier orbitals, collective molecular orbitals. 
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1. Introduction 
 Both the magnitude of the molecular electrostatic dipole and the frontier orbital 
symmetry potentially play a significant role in the adsorption process of diiodobenzene on MoS2, 
but prior work with diiodobenzene adsorption [1,2] indicates that frontier orbital symmetry 
dominates over dipolar interactions [2], at a heteromolecular interface. For p-
benzoquinonemonoimine zwitterion molecular films of (6Z)-4-(butylamino)-6-(butyliminio)-3-
oxocyclohexa-1,4-dien-1-olate C6H2(⋅⋅⋅NHR)2(⋅⋅⋅O)2, where R = n-C4H9, 1,3-diiodobenzene was 
observed to be strongly favored in adsorption, at 150 K, over other isomers of diiodobenzene [1]. 
Diiodobenzene adsorption on films of the molecular ferroelectric copolymer poly(vinylidene 
fluoride) with trifluoroethylene (70:30) was found to be very sensitive to the diiodobenzene 
isomer and to the ferroelectric domain orientation [2]. The adsorption of 1,2-diiodobenzene on 
poly(vinylidene fluoride) with trifluoroethylene, at 150 K, was much more favorable with the 
polarization direction towards the vacuum, rather than into the film, while the adsorption of 1,4-
diiodobenzene, at 150 K, was more favorable with the polarization into the film [2]. For 
diiodobenzene adsorption on both p-benzoquinonemonoimine zwitterion [1] and poly(vinylidene 
fluoride with trifluoroethylene) [2] molecular films,  the heat of adsorption might well contribute 
to isomer dependent the adsorption mechanism. Additionally, isomeric effects have also been 
predicted for the adsorption of diiodobenzene on graphite [3], because of the limits to spatial 
accommodation. 
 While diiodobenzene adsorption studies on various copper surfaces, both experimental 
[4–8] and theoretical [4,7,9], have been common, other studies of diiodobenzene on Pt(111) 
[10,11] indicate that there would be significant deformation of the diiodobenzene, as the 
molecule approached the surface. This means that for diiodobenzene on Pt(111), the initial 
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physisorption state is separated from the chemisorption state  by a potential energy barrier 
[10,11], leading to a transient activation barrier to adsorption. In this context, the goal here is to 
clearly establish that frontier orbital symmetry (the symmetry of the highest occupied orbitals) 
not heat of adsorption, favors the absorption of one isomer. Through comparison of the 
adsorption of diiodobenzene isomers on MoS2(0001), where the bond strength of each isomer to 
the surface is nearly identical, variation in adsorption rate points to the key role of symmetry.  
 
2. Methods 
2.1 Experimental Methods 
 Single crystals of MoS2 (2D Semiconductors), of 1 × 1 cm2 surface area, were used as the 
basis of study. Clean (0001) surfaces were prepared by removing multiple layers from the 
MoS2(0001) crystals before measurement, as done elsewhere [12]. These experiments were 
performed in an ultrahigh-vacuum (UHV) chamber equipped with the capabilities for x-ray 
photoemission spectroscopy (XPS). Isomers of diiodobenzene (Alfa Aesar 1,2-diiodobenzene 
98%, Sigma Aldrich 1,3-diiodobenzene 98%, Sigma Aldrich 1,4-diiodobenzene 99%), were 
heated to ~305 K, to increase vapor pressure, then admitted into the UHV chamber, via a leak 
valve to control diiodobenzene exposure pressures and time. Diiodobenzene adsorption was 
determined by the I 3d core level photoemission peak intensity, as a function of exposure to 
MoS2(0001) at the given temperatures. 
 The core level x-ray photoemission spectroscopy (XPS) was performed in situ using a 
SPECS x-ray source with an Al anode (hν = 1486.6 eV) source with a Phi hemispherical electron 
analyzer (PHI Model 10-360) with an angular acceptance of ±10° or more as described 
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elsewhere [12–14]. All binding energies are denoted in terms of the Fermi level as E-EF, with the 
Fermi level placement established from a reference gold sample. 
 Defects were introduced by argon ion sputtering the surface, after cleavage of the MoS2 
surface, using 1 keV Ar+, sufficient to significantly degrade the low energy electron diffraction 
pattern characteristic of MoS2(0001) clean surface. This resulted in sulfur vacancies, as has been 
noted elsewhere [15], and permitted a comparison of diiodobenzene adsorption with different 
initial surface conditions. 
 
2.2 Computational Methods 
 Simulations of diiodobenzene bonding to single layer MoS2 surface were performed 
using density functional theory (DFT) [16] by employing the projector augmented wave (PAW) 
[17,18], plane wave basis set and the supercell method as implemented in the Vienna ab-initio 
simulation package (VASP) [19,20]. The generalized gradient approximation (GGA) in the form 
of Perdew-Burke-Ernzerhof (PBE) [21] functional was used to describe the exchange-correlation 
interaction of electrons. To include long range order interactions, the DFT-D3 correction [22] 
was used. The kinetic energy cutoff was set to 500 eV with k point sampling of 3×3×1 points. 
The periodic image of the MoS2 slab was separated by 30 Å. The structures were relaxed until 
the force acting on each atom was smaller than 0.01 eV/Å. Bader charge analysis was performed 
based on the Atoms In Molecules (AIM) [23] approach as implemented in Henkelman’s 
algorithm [24–26] For all the configurations, the adsorption energies are calculated as: 
E = E	
 − E − E
 
In which E	
  is the total energy of the various diiodobenzene and MoS2 coupled 
systems, while E is the total energy of diiodobenzene in gas phase and E
 is the total 
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energy of clean MoS2. The charge redistribution of the diiodobenzene isomers, on MoS2, were 
calculated using the following relation: 
ρ = ρ	
 − ρ − ρ
 
where ρ  is the charge density of coupled system of adsorbed 1,2-, 1,3-, or 1,4-
diiodobenzene isomer with MoS2, ρ
 is the charge density of MoS2 after adsorption of 
molecule and ρ is the charge density of each individual isomer after interaction with single 
layer MoS2. The frontier orbitals were calculated as band decomposed charge densities, by 
adding phase at the Γ point for the highest and lowest occupied bands for each system. Similar 
analysis of the charge redistribution and perturbations to the frontier orbitals have been 
performed for the adsorption of isomers on the defect-laden MoS2 monolayer, with a single 
sulfur vacancy. 
 
3. Relative Rate of Diiodobenzene Adsorption 
 Consistent with prior diiodobenzene absorption experiments, 1,3-diiodobenzene is readily 
adsorbed on the MoS2(0001) surface, at 100 K, as seen from the increase in the iodine core level 
signal in Figure 1. The rate of adsorption on the MoS2(0001) surface at 100 K, is significant for 
1,3-diiodobenzene, while very low for the other diiodobenzene isomers, as indicated by the 
coverage dependent XPS iodine to molybdenum core level intensity ratios plotted in Figure 2. 
The 1,3-diiodobenzene readily adsorbs onto the MoS2(0001) surface at 100 K, resulting in 
molecular monolayer saturation at roughly 25 Langmuirs exposure, yet there is only slight 
adsorption of the 1,2-diiodobenzene isomer evident at 30 Langmuirs exposure. The experimental 
studies of the rate of adsorption make clear that adsorption of 1,4-diiodobenzene requires 
exposures greater than 60 Langmuirs to achieve even a very small coverage on MoS2(0001) at 
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100 K. This translates into 1,3-diiodobenzene having an initial adsorption rate 15 times greater 
than 1,2-diiodobenzene and more than 150 greater than 1,4-diiodobenzene on the MoS2(0001) 
surface at 100 K. 
 
Figure 1. The XPS I 3d peak intensities, as a function of 1,3-diiododbenzene exposure to 
MoS2(0001), at 100 K. The top inset shows the layered MoS2(0001) crystal, where sulfur and 
molybdenum are yellow and dark blue, respectively.  Exposure is denoted in Langmuirs (L) 
equivalent to 1 x 10-6 Torr⋅sec of 1,3-diiododbenzene. 
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Figure 2. The XPS I 3d5/2/Mo 3d5/2 peak core level photoemission intensities, as a function of 
1,2-diiodobenzene (red circles), 1,3-diiododbenzene (black squares), and 1,4-diiodobenzene 
(blue triangles) exposure to MoS2(0001), at 100 K. Exposure is denoted in Langmuirs (L) 
equivalent to 1 x 10-6 Torr⋅sec. The diiododbenzene isomers are schematically indicated to the 
right, with 1,2 (ortho), 1,3 (meta), and 1,4 (para) diiodobenzene denoted. The inset shows the 
optimal adsorption configuration for 1,3-diiododbenzene on MoS2(0001), as indicated by density 
functional theory. Here sulfur, molybdenum, iodine, carbon and hydrogen are yellow, dark blue, 
purple, dark grey and grey, respectively.   
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Figure 3. The XPS I 3d5/2/Mo 3d5/2 peak core level photoemission intensities, as a function of 
1,2-diiodobenzene (red circles), 1,3-diiododbenzene (black squares), and 1,4-diiodobenzene 
(blue triangles) exposure to MoS2(0001) at 85 K. Exposure is denoted in Langmuirs (L) 
equivalent to 1 x 10-6 Torr⋅sec. Data connected, with a dashed line, indicates adsorption of 
diiodobenzene on an MoS2(0001) rich in sulfur vacancies. The solid lines indicate diiodobenzene 
adsorption on an MoS2(0001) surface with few sulfur vacancies.The right are the calculated 
charge redistributions for 1,2-diiodobenzene on MoS2(0001), where charge accumulation is red 
and charge depletion is blue, for a charge isosurface = 0.002 e/Bohr3. 
 
 This disparity in the observed diiodobenzene isomer adsorption rates has been observed 
before (as noted in the introduction), with 1,3-diiodobenzene having an adsorption rate 3-5 times 
larger than 1,2-diiodobenzene and 15 times larger than 1,4-diiodobenzene on zwitterion p-
 10
benzoquinonemonoimine molecular films of (6Z)-4-(butylamino)-6-(butyliminio)-3-
oxocyclohexa-1,4-dien-1-olate C6H2(⋅⋅⋅NHR)2(⋅⋅⋅O)2, at 150 K [1]. However, diiodobenzene 
adsorption on graphite [3]  presents very differently, initial isomer adsorption rates on graphite at 
110 K, were found to be similar, but at high diiodobenzene coverages, adsorption rates became 
isomer dependent due to steric effects between adsorbed molecules. The diiodobenzene isomer 
adsorption results from the investigation on graphite [3] provides a compelling proof that the 
isomeric dependence does not come from the molecule alone, but the interactions with the 
substrates. We note the initial condition of the surface plays a big role in the rate of 
diiodobenzene adsorption. As seen in Figure 3, after introducing defects into the surface, there is 
an appreciable rate of adsorption for both the 1,2-diiodobenzene and 1,4-diiodobenzene isomers, 
for exposures less than 15 Langmuirs (L) (equivalent to 15 x 10-6 Torr⋅sec. exposures). While 
some isomeric dependence is retained in the rate of adsorption, we also find that the rate of 
adsorption, for the 1,3-diiodobenzene isomer, decreases with the introduction of surface defects. 
The addition of defects, to the MoS2(0001) surface, leads to a significant increase in the 
adsorption rates for 1,2-diiodobenzene as indicated in Figure 3.  
 
4. Heats of Diiodobenzene Adsorption 
 The asymmetry in rate of adsorption of the various diiodobenzene isomers is clearly 
dependent on the initial condition of the surface. For MoS2(0001) surfaces with few sulfur 
vacancies the isomeric dependence in adsorption, as observed in Figure 2, is not due to 
differences in the heat of adsorption, as we illustrate here. With this goal, an examination of 
some of the possible adsorption configurations of diiodobenzene isomers on MoS2 was carried 
out using DFT calculations. These configurations are shown in Figure 3 for 1,3-diiodobenzene 
 11
on MoS2. Similar configurations were used for 1,2- and 1,4-diiodobenzene. The most stable 
configuration was obtained when diiodobenzene isomers were adsorbed horizontally on MoS2 
with the center of carbon ring on the sulfur atom of the surface and a vertical distance of about 3 
Å between the center of benzene ring and sulfur of the surface but with differing registrations of 
the iodine to MoS2 surface sites, as shown in Figure 4. The results of these calculations are 
summarized in Table I for all three isomers and predict that these isomers adsorb with almost the 
same strength on MoS2. Our calculations provide no indication of any adsorption barriers for all 
three isomers on MoS2. To search for a barrier to adsorption, the adsorption energy of each 
isomer for the most stable adsorption configuration was calculated while moving the isomer 
away from its stable position by steps of 0.5 Å with fixed coordinates at each separation to avoid 
the relaxation of isomers back to their original minimum energy. The results of these calculations 
are presented in Figure 5. This search for an activation barrier to adsorption did not include the 
possible energy costs that might be associated with a reorientation, driven by the need for 
specific bonding configurations, as might occur for a randomly oriented molecule approaching 
the surface. While the heats of adsorption are quite low (approximately 0.8 eV), and the charge 
transfer (the Bader change) from a neutron molecule are quite small (< 0.1 e) this does not 




Figure 4. (a-f) Some model adsorption configurations of 1,3-diiodobenzene on MoS2. Similar 
configurations were used for adsorption of 1,2-diiodobenzene and 1,4-diiodobenzene on MoS2. 





 1,2-diiodobenzene 1,3-diiodobenzene 1,4-diiodobenzene 
Electron Affinity (eV) 2.46 2.38 2.13 








Eads (eV) -0.81 -0.80 -0.80 
ΔΦ (eV) -0.16 -0.12 -0.02 
Bader Charge (e) -0.07 -0.07 -0.07 
Coupled Structures (Defect-Laden MoS2) 
Eads (eV) -0.89 -0.87 -0.89 
Bader Charge (e) -0.07 -0.07 -0.09 
Table I. A summary of the calculated quantities for electron affinity, heats of adsorption (Eads), 
charge transfer and change in work function (∆) for the diiodobenzene isomers in isolated gas 




Figure 5. (a-c) The most stable adsorption configurations of 1,2-, 1,3-, and 1,4-diiodobenzene 
isomers on MoS2, respectively. The upper and lower rows show the top and side view of each 
isomers after adsorption on MoS2. Color code of atoms: Mo: Dark Blue, S: yellow, C: Dark 
Grey, H: grey, I: Purple. 
 
Figure 6. The adsorption energy difference for diiodobenzene isomers with respect to their 
stable adsorption configurations (denoted by the zero distance, i.e. 0.0 Å) by increasing the 




Figure 7. The charge density redistributions in the various diiodobenzene/MoS2 systems. 1,2-, 
1,3- and 1,4-diiodobenzene on MoS2 as displayed in Figures 5(a-c), respectively. The charge 
accumulation and depletion are shown in dark red and dark blue, respectively with the isosurface 
set to 0.0015 e/Bohr3. 
 To find the origin of the difference in diiodobenzene isomeric dependent adsorption on 
MoS2, the charge redistribution for the systems of diiodobenzene isomers on MoS2 was also 
calculated. The results of these calculations are presented in Figure 7 and show that the charge 
redistribution occurs mainly within molecules and MoS2 rather than in the region between them. 
No significant difference among three isomer systems is observed. The small to negligible 
charge transfer between molecule and MoS2, obtained via charge density analysis, is 
substantiated by similar results from Bader charge analysis, which are summarized in Table I. 
The calculated electron affinities of the various diiodobenzene isomers suggests that a difference 
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in electron affinity is not the origin to the observed differences in various diiodobenzene isomer-
MoS2 adsorption rates. 
 
 
Figure 8. The temperature dependence of the XPS I 3d peak intensity, (a) following 6 Langmuir 
exposure of 1,3-diiodobenzene to MoS2(0001) at 100 K, (b)  following 14 Langmuir exposure of 
1,3-diiodobenzene to the MoS2(0001) surface rich in sulfur vacancies, at 85 K and (c) following 
14 Langmuir exposure of 1,2-diiodobenzene to the MoS2(0001) surface rich in sulfur vacancies, 
at 85 K a) The spectra are taken with increasing annealing temperatures, as indicated. 
 
 The nearly identical calculated maximal adsorption energies of the various diiodobenzene 
isomers, on the MoS2(0001) basal plane, is consistent with the observation that all three isomers 
have molecular desorption temperatures of ~225 K from a MoS2(0001) surfaces with few 
defects, as illustrated by Figure 8 for 1,3-diiodobenzene and in the supplementary material. The 
similarities in adsorption energy, electron affinity and charge transfer between isomer systems 
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does not mean that the bonding of the diiodobenzene isomers to MoS2(0001) are identical. We 
note that the complete removal of any iodine core level photoemission signature is consistent 
with complete molecular adsorption and desorption. This last point is particularly important as 
dehalogenation as seen with halogenated benzene adsorption, occurs on many substrates [4,6–
8,27–31], sometimes accompanied by arene ring polymerization [4],  although dehalogenation 
does not occur with initial halogenated benzene adsorption on some select nonmetallic substrates 
[32–35].  
 The desorption temperature of 225 K, combined with the calculated heat of adsorption of 
about 0.8 eV, implies an unrealistically large desorption time, in the context of a simple partition 
function (i.e.  !
"#$%/'()). Presently this contradiction between the observed desorption 
temperature and the calculated heats of adsorption cannot be explained. 
 
Figure 9. The most stable adsorption configurations of diiodobenzene isomers on defect-laden 
MoS2. The upper and lower rows show the top and side view of each isomers after adsorption on 




 Not surprisingly, with the addition of sulfur vacancies the magnitude of the charge 
redistribution upon adsorption of diiodobenzene increases, as summarized in Table I. All three 
isomers of diiodobenzene prefer to adsorb on the defect-laden MoS2(0001) with center of carbon 
ring on top of the sulfur vacancy site. The diiodobenzene adopts a tilted configuration, with 
respect to the plane of the surface, as displayed in Figure 9, when adsorbed over a defect site. 
The charge redistribution for the various diiodobenzene isomers, adsorbed on defect-laden MoS2, 
are plotted in Figure 10. An increase in the amount of charge redistribution is observed, for the 
diiodobenzene isomers adsorbed on defect-laden MoS2 (Figure 10) compared to diiodobenzene 
adsorption on pristine MoS2 (Figure 7). This increase in charge perturbations, in the presence of 
a MoS2(0001) surface defect, is most significant for the 1,2-diiodobenzene isomer. The Bader 
charge on MoS2(0001) remains, nonetheless, the same for 1,2-diiodobenzene adsorbed on 
MoS2(0001) with and without a sulfur vacancy (-0.07 electrons). 1,2-diiodobenzene is also 
coincidently where the most noticeable experimental increase in the adsorption rate occurs, after 
the introduction of defects. 
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Figure 10. The plots of the charge density redistribution in diiodobenzene/MoS2 systems. 1,2-, 
1,3- and 1,4-diiodobenzene on defect-laden MoS2, as displayed in Figures 9(a-c), respectively. 
The charge accumulation and depletion are shown in dark red and dark blue, respectively with 
the isosurface set to 0.0015 e/Bohr3. 
 
With diiodobenzene adsorption on defect laden MoS2(0001), not only are the rates of 
adsorption perturbed, as noted above and as seem from a comparison of the adsorption profiles in 
Figures 2 and 3, the molecular desorption temperature is no longer ~225 K but now extends to 
well above room temperature ~300 K, for some adsorbed molecules or molecular fragments, as 
seen in Figure 8. With the addition of defects on the MoS2(0001) surface, much of the 
diiodobenzene is lost, upon annealing the surface to 300 K, however some diiodobenzene or 
diiodobenzene fragments remain, so that there is a persistent iodine signal in XPS that cannot be 
removed without preparing a whole new surface.  
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5. Frontier Orbital Interactions 
 As noted above, experiment, in the form of significantly different rates of adsorption, 
indicates that symmetry plays a role in the adsorption process. A partial explanation of the 
different adsorption rates of these isomers may reside in a comparison of the frontier orbitals of 
the three systems in the context of symmetry of interacting orbitals from MoS2(0001) surface. 
Frontier orbital analysis of the diiodobenzene isomers, and their interaction with MoS2(0001) 
surface provide confirmation that while the heats of adsorption of all three isomers to 
MoS2(0001) are 
 
Figure 11. (a-c) The highest occupied molecular orbitals (HOMO) of the 1,2-, 1.3-, and 1,4-
diiodobenzene molecules in gas phase. (d-f) The highest occupied orbitals of coupled systems of 
1,2-, 1,3- and 1,4-diiodobenzene isomers on MoS2, respectively. Green (red) represent the 
positive (negative) phase of orbitals. Color code of atoms: Black: C, Grey: H, Dark Blue: Mo, 
Yellow: S and Purple: I. The isosurface is set to 0.002 eV/Bohr3.  
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similar, the adsorbate-substrate orbitals interaction are not identical. As illustrated in Figure 11, 
each diiodobenzene isomer has π-conjugated electron density within the benzene ring 
contributing to the HOMO, in addition to electron density surrounding each iodine by pz orbitals.  
 For 1,2-diiodobenzene, in vacuo (Figure 11a), the point group symmetry of the molecule 
is C2v, but the symmetry of the frontier orbital is CS, with only a symmetry mirror plane, which 
bisects the I pz orbitals and benzene ring. The I pz orbitals are not symmetric about the plane of 
the molecule (the dihedral plane) due to phase. Upon 1,2-diiodobenzene adsorption on the MoS2, 
C3v, surface, the π-conjugated electron density and pz orbital of one of iodine atoms interacts 
with surface Mo dyz and dxz HOMO orbitals. The second iodine atom lies above a hollow site of 
MoS2, which results in reduction of interaction strength. With molecular interaction with the 
surface, the symmetry of the system must reduce to the lowest symmetry contribution. If we map 
the higher CS symmetry of the I pz, as an A' irreducible representation, to the C3v  symmetry for 
the interacting dyz and dxz of the surface, of irreducible representation E, we must reduce the 
symmetry of the I pz meaning rehybridization is required for interaction and thus adsorption may 
be hindered. For 1,4-diiodobenzene, in vacuo, (Figure 11c), the point group symmetry of the 
molecule is D2h, but the symmetry of the frontier orbital is again assigned CS point group 
symmetry, with only a mirror plane of symmetry which bisects the I pz orbitals and benzene ring, 
note that the I pz orbitals are not symmetric about the dihedral plane due to phase. Upon 1,4-
diiodobenzne adsorption, both the π-conjugated electron density and pz orbital of one of iodine 
atoms interact with the dx2-y2 orbitals of Mo atoms with the second iodine above an MoS2 hollow 
site. Similar to the above symmetry argument, the surface C3v dx2-y2 orbitals are of E irreducible 
representation with the interacting I pz orbital of A' irreducible representation requiring a 
 22
reduction in symmetry and rehybridization in the interaction (i.e. to allow A' orbitals of the A' 
irreducible representation (in the CS point group) to bond to orbitals in the E irreducible 
representation (in the C3v point group). As calculated and expressed within figure 11(f), it is clear 
from other studies [36] that the stable interaction configuration is not of the 1,4-diiodobenzene 
with the MoS2 surface HOMO but the HOMO-1, thus this interaction has a significant 
requirement for orbital rehybridization, in adsorption. For adsorption of either 1,2-diiodobenzene 
or 1,4-diiodobenzene, a key rehybridization of the I pz orbital must occur in adsorption that may 
hinder adsorption, and in the case of 1,4-diiodobenzene, stable bonding requires interaction with 
deeper MoS2 orbitals.  For 1,3-diiodobenzene, in vacuo, (Figure 11c), the point group symmetry 
of the molecule is C2v, but the symmetry of the frontier orbital is the much lower symmetry C1 
point group symmetry, with no mirror planes of symmetry. Note that the I pz orbitals are again 
not symmetric about the plane of the molecule (the dihedral plane) due to phase. The interaction 
among the molecular orbitals and surface Mo d orbitals is somewhat similar between the 1,2- and 
1,3-diiodobenzene isomers, here the π-conjugated electron density and pz orbital of both of 
iodine atoms interacts with surface Mo dyz and dxz HOMO orbitals (Figure 11e). This interaction 
of both iodine atoms serves to increase the strength of molecular interactions. Following similar 
symmetry arguments as outlined above, the I pz orbitals within the C1 point group have no 
inherent symmetry, and map onto the C3v surface Mo dyz E irreducible representation. This 
absence of mirror plane frontier orbital symmetry distinguishes 1,3-diiodobenzene from the other 
diiodobenzene isomers, so that rehybridization of 1,3-diiodobenzene, upon adsorption on 
MoS2(0001), is not required compared to  Furthermore, for 1,3-diiodobenzene, both iodine atoms 
are above the Mo atoms (Figure 11(e)), which increases the strength of interactions, although we 
note that all three isomers bond with very similar heats of adsorption, as discussed above. That 
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1,3-diiodobenzene frontier orbital differs, in symmetry change upon interaction with 
MoS2(0001), from the interaction of the 1,4-diiodobenzene which shares some similarities to that 
of the 1,2-diiodobenzene in terms of the need for rehybridization, substantiating experimental 
findings. 
 That symmetry plays a role diiodobenzene interaction on MoS2 is supported by the fact 
that adding defects, thus reducing local symmetry on the MoS2(0001) surface, leads to increased 
adsorption rates for 1,2-diiodobenzene and decreased adsorption rates for 1,3-diiodobenzene.  In 
the absence of a significant difference in the heat of adsorption between diiodobenzene isomers, 
this suggests that requirement for rehybridization comes at cost in the sticking coefficient. As 
noted in the introduction, for diiodobenzene on Pt(111), the initial physisorption state is 
separated from the chemisorption state by a potential energy barrier [10,11]. An energy barrier 
needed for rehybridization in the 1,2-diiodobenzene and 1,4-diiodobenzene isomers upon 
adsorption is not reflected in theory here, but other factors may be in play. This unparalleled 
behavior in interaction is in spite of the similar adsorption energies, electron affinities, and 
desorption temperature of all three diiodobenzene isomers.  
 
6. CONCLUSIONS 
 The similarities in the calculated maximal adsorption energies and electron affinities for 
all diiodobenzene isomers, upon adsorption on the MoS2(0001) surface, support the contention 
that it is not the interaction itself that leads to variations in the isomer dependent adsorption rates, 
but some aspect of local symmetry, possibly rehybridization effects in the adsorption process for 
1,2-diiodobenzene and 1,4-diiodobenzene, not evident in the case of 1,3-diiodobenzene. These 
differences in surface interaction are supported through frontier orbitals analysis which shows 
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the strongest interaction between the molecular orbitals of 1,3-diiodobenzene with d orbitals of 
Mo. We conclude that differences in frontier orbital symmetry matter in the determining the 
adsorption rates for the various diiodobenzene isomers on MoS2(0001). These adsorption 
experiments may well, in part, be a result of the robust local symmetry preservation in the band 
structure of MoS2(0001) [36].  
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